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Introduction
The development of science usually is given through the joint work of several researchers that compose a network of coauthorship. This network of co-authorship is called highly reliable when is likely to continue producing science. If this probability decreases the reliability of the network also decreases. Knowing the reliability of a co-authorship network is the most direct way to identify the scientific collaboration within the academic milieu (Abbasi et al., 2010) .
As the science is registered through some kind of publication, to analyze the reliability of a co-authorship network it is necessary to investigate the work of researchers that comprise it. For example, this analysis might consider the total number of publications of the involved researchers and the number of publications in common to two or more researchers. However, the records of scientific publications are prone to errors as misspellings or different forms of short names, different authors and same abbreviation (Barbastefano et al., 2013; Smalheiser and Torvik, 2009; Wang et al., 2012a,b, for example To the development of the science it is inevitable financial investment. Even when the financial resources are abundant they can not be misspent. Therefore it is essential to prioritize the more reliable research groups. In Brazil, the National Council for Scientific and Technological Development (CNPq), among others objectives, aims to foment scientific and technological research, to encourage and to recognize Brazilian researchers. Thus, knowing the flow of information and knowledge among its research is essential. The CNPq Lattes Platform (the Lattes Curriculum) is an information system that integrates curriculum database, research groups and institutions. The Lattes Curriculum contains a variety of information, has constant improvement and is nationally recognized by most development agencies, universities, and research institutes. As the inclusion of information is made by the researcher (commonly done in curriculum), the curriculums of Lattes Platform are subject to errors as some publications may not be included in the curriculums of some co-authors or appear incorrectly. Thus, the reliability of a research group or specifically a co-authorship network is not deterministic even in the research group listed at the CNPq.
The co-authorship among members of a research group is a social network since any structure in which the items are connected by some relationship can be considered as such. It is noteworthy that within a research group there are members interconnected http://dx.doi.org/10.1016/j.socnet.2016.06.005 0378-8733/© 2016 Elsevier B.V. All rights reserved. by publications in common directly (co-authors) or indirectly (coauthors of co-authors). Generally, a network can be represented by a graph and its characteristics, as its reliability, are determined by its proprieties (Brigantini et al., 2014) . So, in a (co-authorship) graph, relationship among these members can be represented by a graph in which the nodes represent the researchers and the edges represent the co-authorship. Newman (2004) cites several information that can be collected from a network and also various statistics each with its own purpose as clustering coefficient and density of a graph (see also Zare-Farashbandi et al., 2014; Arif, 2015) , although not target network reliability. Kumar (2015) provides a recent review about these topics including other kind of analysis such as mathematical analysis.
The network reliability is given by the probability of this network to remain functioning even when one or more subsets of the components (edges and/or nodes) are removed (Barlow and Proschan, 1981) . The greater the probability of this network continuing connected, the greater your reliability and then this network is called highly reliable (Brigantini et al., 2014) . Consequently, the network reliability definition by itself allows the edges and/or nodes of the graph to be taken into consideration in its analysis.
Lyra and Oliveira (2011) obtain the reliability of the coauthorship network assuming values to the reliability of the researchers, what means that there is no inference process and no conclusive result since the analysis just calculates all the possibilities considering the assumptions. Brigantini et al. (2014) takes into account the publications between two researchers (edges) to obtain the reliability of the co-authorship network. In this case it is assumed that the reliability of the co-authorship network considers all the possibilities of dissolution of the partnership (without disconnecting the network). To estimate the reliability of the co-authorship network (Oliveira et al., 2014) consider all possible departing researchers modeling the reliability through the nodes of the graph. The results of Oliveira et al. (2014) are based on asymptotic assumptions which may not be valid when there are few observations in the data set and the estimation of the reliability of the co-authorship network depends on partial derivatives with respect to all the parameters that represent the functioning probabilities of the nodes, what may not be feasible.
Following Oliveira et al. (2014) current investigation considers a measure of the reliability of networks with emphasis on nodes or researchers, i.e., assuming unreliable nodes (researchers) and perfectly reliable edges (co-authorship between two researchers). The goal of this proposal is to develop a Bayesian inferential approach to the reliability of co-authorship network, obtaining estimates and credibility intervals for the individual components (nodes or researchers) and the co-authorship network. For the inferential method chosen, weakly informative and non-informative priors are assumed and the posterior summaries are obtained by Monte Carlo Markov Chain (MCMC) methods. The main advantages of the Bayesian inference are that it does not depend on asymptotic results and the network reliability is straightly (and easily) obtained from the MCMC results of the researchers' reliability. Another point that deserves to be mentioned is that it is possible to incorporate previous knowledge about the parameters when available. Finally, an analysis for a real research group registered at CNPq exemplifies the proposal of this paper.
Estimation of the reliability of a co-authorship network
In a co-authorship network each researcher is represented by a node and two nodes are linked by one edge when the represented researchers have at least one publication in common.
Calculation of the reliability of networks
In order for the network, modeled by a simple undirected graph G with k nodes and m edges, to be active at time t, every pair of nodes should be connected by at least one path. When one node fails and the graph continues connected it is considered a stage of the network. It is plausible to consider that the nodes are independent two by two, that is, if one node fails it does not imply that the other will fail. So the reliability of a network is the probability of a graph G remaining connected at time t + 1 considering all the possibilities of stages of the network.
It is assumed that only the nodes can fail with probability 1 − p i , i = 1, . . ., k, what means that the edges are completely reliable and the functioning probability of node i is p i . Then the probability of each functioning stage V l of the network p V l is given by
where V denotes the set of nodes of graph G, V denotes the set of functioning nodes of graph G and L is the total number of possible stages of the network. Thus the reliability of the network is given by
(2) Barlow and Proschan (1981) highlighted that p R G depends directly on p i , i = 1, . . ., k, and indirectly on the network's structure, since the configuration of the network (series, parallel or other) influences V and L. Goldschmidt et al. (1994) lead with a network in which the functioning probabilities of the nodes are the same, that is, p i = p, for all i = 1, . . ., k. In this particular case the network's reliability given in (2) is rewritten as follows
where G is the graph that models the network with k nodes and m edges; S i is the number of connected sub-graphs of G with i nodes.
Bayesian inference
The Bayesian approach for parameter inference derives from the combination of the likelihood function for p = (p 1 , p 2 , . . ., p k ), given by (4), with a prior density that reflects previous knowledge on the distribution of parameters by Bayes rule (p|D) ∝ L(p|D) (p), where (p|D) is a posterior distribution of parameters and reveals how these random variables are distributed after data had been observed (Box and Tiao, 1973) .
According to Oliveira and Achcar (2000) , the likelihood function for p = (p 1 , p 2 , . . ., p k )
where D = {(n i , x i ), i = 1, 2, . . ., k} is the set of observed data, with n i and x i denoting the total number of publications and the number of co-authored publications of the researcher i, respectively, at time t; and k is the number of researches of graph G. Current analysis proposes two possible assumptions, (weakly) informative prior distributions and non-informative prior distribution as follows.
